We consider the ratio RE4 = B(E2,4 → 2)/B(E2,2 →0) for the lowest 2 + and 4 + states in even-even nuclei. In the rotational and vibrational models and the shell model calculations here considered, RE4 is greater than one, however empirically, using NNDC adopted half-lives and energies for 48 Cr and 50 Cr, this ratio is less than one.
Introduction and Motivation
In shell model calculations of B(E2)s it is necessary to use effective charges if one hopes to get reasonable agreement with experiment. A popular choice, but my no means the only one is 1.5 for the proton and 0.5 for the neutron (as compared with the bare effective charges of 1 and 0 respectively). One may also attempt to calculate these effective charges from fundamentals. If for a given nucleus one gets a good fit to B(E2, 2 → 0), one cannot regard this as an impressive result. One has chosen the effective charge so that the theory fits experiment-one parameter has been adjusted to fit one experimental datum.
In this work we define REJ as B(E2, J → J-2)/ B(E2, 2 → 0). We will focus mainly on RE4=B(E2, 4 → 2)/B(E2, 2 → 0), as there exists significantly more experimental data on B(E2)s for 2 + and 4 + states than there is for higher states. By so doing, to a large extent we take the effective charge out of play. There is considerable empirical data in the National Nuclear Data Center, NNDC, on half-lives of the lowest 2 + and 4
+ states of many even-even nuclei so that we can obtain RE4 empirically.
Before proceeding to the shell model we note that there are simple formulas for this ratio in the rotational model and the vibrational model.
(1)
This comes from more detailed formulae of Bohr and Mottelson [2] :
Shell Model
The main thrust of this work will be a comparison of the empirical adopted values of RE4 from NNDC [1] against calculated values. Besides the simple rotational and vibrational results provided in the previous section we also consider the shell model calculations of Robinson et al. [3, 4] . In the f − p shell, the program NuShell [7] is used in the FPD6 and GXFP1 interactions for the lighter nuclei. The program ANTOINE [8] is used for the JJ45 and JUN45 interactions for the heavier nuclei. In Table 1 , the empirical results in the second column should be compared with the shell model results using an FPD6 interaction in the third column. We will discuss the fourth column later. The first thing to notice is that the shell model results all have RE4 bigger than one; this is also the case for the rotational and vibrational models. The shell model results are closer to the rotational value of 10/7 than the large value of 2 from the vibrational model. The empirical results seem to fluctuate quite a lot from nucleus to nucleus as compared with the steadier FPD6 shell model results. Of particular note is the fact that for 48 Cr and 50 Cr, the RE4 values are less than one-0.862 and 0.756 respectively. We here do not attempt to explain this behavior but present it as a nuclear structure puzzle. Using data from Brandolini, et al. [5, 6] , instead of data from NNDC, the values of the RE4 of 48 Cr and 50 Cr are 0.997 and 0.921 respectively. Although they are somewhat larger, these values remain less than one and well below the shell model results. Also worth mentioning is the fact that for 44 Ti we get a very large RE4, even exceeding the vibrational value of 2. In Table 2 we present the raw NNDC data-the excitation energies of the lowest 2 + and 4 + states (E2 and E4) as well as the ratio E4/E2. We also show the half lives of these states T 1/2 . We obtain RE4 from this data by the formula There are calculations in heavier nuclei by Robinson et al. [4] from which one can extract RE4 but there is as of yet no empirical data for these nuclei. These results are presented in Table 4 for the interactions JUN45 and JJ4B. The nuclei involved are 88 Ru, 92 Pd and 96 Cd. The calculated shapes are quite different, oblate, near zero deformation, and prolate, respectively, however the calculated values of RE4 are similar, all bigger than one and close to the rotational limit. [3] wanted to see the effects of the T=0 interaction on energy levels and B(E2)s. They did so by removing and then replacing all the 2-body T=0 matrix elements. InT0FPD6 they kept the T=1 matrix elements of FPD6 unchanged but set all the T=0 ones to zero. Focusing here on RE4 we see that with T0FPD6 the values of RE4 are much closer to one than with the full FPD6 interaction. We can thus say tha the effect of the T=0 interaction is to make RE4 larger and close to the rotational limit.
We here add new results on static quadrupole moments of the lowest 2 + and 4 + states. These are shown in Tables 2 and 4 . There are no experiments to compare with. For the most part when the T=0 interaction is turned on the magnitudes of the quadrupole moments increase. This is true both for prolate and oblate cases. A note should be made on the rotational model. As J increases, REJ also increases in this model. However, in the shell model, REJ ultimately decreases. This is shown not only theoretically [4] but also in the works of Brandolini et al. where they determined several values of B(E2, J → J-2) in 48 Cr, 50 Cr [5] and 46 Ti [6] . Given the apparent anomalies for the Chromium nuclei, one can either question the theory or one can question the experiment. At this point we are unable to make a definitive statement in either direction, but we feel it makes the most sense to first encourage more experiments on these nuclei. It is possible that the technology has improved and the relevant values can be measured more precisely. Daniel Hertz-Kintish thanks the Rutgers Aresty Research Center for Undergraduates for support during the 2014 summer session.
